Abstract. Currently existing models of parking choice behaviour typically focus on the choice of types of parking spaces. Implicitly these models assume that motorists have a free choice in that spaces are available. The adaptive behaviour which they reveal when faced with congested parking spaces is not explicitly modelled. The aim of this paper is to contribute to the growing literature on parking choice modelling by developing and testing a stated choice model of adaptive behaviour of motorists who are faced with fully occupied parking lots. The findings of the analyses indicate that the model performs satisfactory as indicated by its goodness-of-fit and the fact that all significant parameters were in anticipated directions.
Introduction
In a recent article published in this journal, Axhausen and Polak (1991) reported on the results of a stated preference model of parking choice. Their article reflects an increasing concern for parking policy issues as a key element of transport policy in many countries, and, from a methodological viewpoint, an increased awareness of the potential advantages of stated preference methods to predict consumer responses to policy measures (see e.g. Timmermans & Overduin 1980; Louviere 1988; Wardman t988; Louviere & Timmermans 1990 . Stated preference or choice models may prove valuable especially in those situations where policy measures refer to hitherto unknown choice alternatives for which data cannot be collected and consequently traditional econometric revealed choice models cannot be estimated.
Axhausen and Polak's study concerned the choice of different types of parking (free on-street; metered on-street; off-street; multi-storey, and illegal parking) as a function of access time, search time, egress time, parking costs and for illegal parking: chance of fine. This focus is similar to that used in many other past studies (e.g. Ergtin 1971; Gillen 1978; Austin 1973; Hunt 1988) . All these studies focus on the choice of some kind of parking facility, implicitly assuming that parking opportunities are available. The present article seeks to contribute to this growing literature by concentrating on the next step of the parking decision making process, that is, the choice behaviour of individuals who are faced with occupied parking lots. More specifically, the goal of this paper is to develop and test a model of adaptive choice behaviour (or the reactions) of motorists who are faced with congested parking lots at shopping centres. Different adaptive choices are predicted as a function of scenarios, describing the parking situation.
Following recent developments in the transportation literature, a stated choice approach will be used to develop this model of adaptive behaviour. Thus, first the factors that are assumed to describe parking scenarios will be identified. Then, actual scenarios will be formulated by combining the levels of the selected factors according to the principles of the design of statistical experiments. Respondents are then requested to choose the type of adaptive behaviour which they feel best reflects their most likely behaviour given a particular scenario. Their choices are then analysed using a polytochomous logit model. Thus, this approach differs from typical previous stated choice models in that respondents are not requested to choose a particular alternative from choice sets containing alternatives or profiles that are generated from a particular experimental design, but rather that they are requested to select a choice option given some scenario. This particular approach has recently also been used by Polak et al. (1991) in their study of users potential response to a toll ring scheme in Trondheim.
To accomplish these goals, the article is organised as follows. First, in the next section, we will describe the study area and detail the experiment used to develop the choice model, Next, the results obtained in estimating the model will be described. The article will be concluded by a discussion of the implications of our research findings for future work in this field of investigation.
Conceptual background
For a better understanding of parking behaviour, it is important to have more insight into the reaction of motorists who are faced with a congested parking lot. In particular we are interested in the type of reaction motorists use when they cannot find the parking space of their first choice. Parking choice is typically modelled as a function of parking space characteristics and distance from home or work. Such an approach breaks down when motorists cannot find the parking space originally intended. In that case they have to implement adaptive choice strategies.
In the present study, we have identified three different adaptive choices (Fig. 1) available. Motorists are likely to adopt this strategy when they feel it takes less time to wait than to drive to another parking lot. Second, motorists may choose to park illegally, especially when they think the risk of being fined is small. Third, motorists may decide to go to another parking lot and continue their search. This strategy seems most likely for motorists who don't want to risk a parking ticket and who find that the queue is too long. We assume that the probability of implementing one of these strategies is dependent upon characteristics of the parking situation such as the expected waiting time, the number of cars waiting, the number of parking lots visited before, the travel time to an alternative parking lot and the probability of finding a free space there, the costs of parking at an alternative parking lot, etc. We were specifically interested to investigate the way in which these factors are related to adaptive parking choice strategies.
Study design

Study area and sample
In order to develop a model of adaptive parking choice behaviour, data on motorists' responses need to be collected. Data for the present study were collected in the city center of Eindhoven, The Netherlands, in June 1990.
City center visitors have the options of a off-street car park or on-street parking lots. On-street interviews were conducted for this purpose from Monday to Saturday between 11.00 a.m. and 4.00 p.m. on a fixed location. Respondents were selected at random and asked if they were willing to participate in the present study. Respondents consisted of city center visitors who arrived by car. Most respondents had recent experience with an abortive attempt to park. A variety of data was collected:
-personal characteristics of the respondent: age, gender, residence and familiarity with the parking situation, -aspects of waiting behaviour, -aspects of search behaviour, and -their responses to a set of scenarios.
A total of 120 respondents participated in this study.
The experiment
The first step in developing a stated choice model of adaptive parking choice behaviour is to identify the attributes that determine this kind of behaviour. Eight attributes were assumed to influence motorists' adaptive behaviour who are faced with congested parking lots. These attributes were selected on the basis of pilot interviews and a literature search. All eight attributes were assigned three levels. Table 1 gives an overview of the selected attributes and their levels.
The next step involved combining these attribute levels to formulate possible scenarios of parking situations. An orthogonal fraction consisting of 81 scenarios was selected from the 38 full factorial design. This design allows the independent estimation of all main effects and a set of first order interaction effects. In previous stated choice experiments, scenarios were typically placed into choice sets and individuals were requested to choose the 'scenario' they like best from each choice set. The present study however follows a different approach in that respondents were requested to identify the kind of adaptive choice behaviour they would be most likely to reveal if they were faced with a parking situation described by a scenario. Four types of adaptive choice behaviour were identified: wait for a free space, leave current parking lot and search for an alternative parking lot elsewhere, park the car illegally or none of these. The latter choice option served as a base, and all model parameters were scaled relative to this choice option.
The design of 81 scenarios was randomly split into 9 blocks. Each respondent received one block only, implying that respondents were asked to identify their likely adaptive behaviour for 9 scenarios. We assume that respondents are capable of providing reliable answers to these hypothetical questions. No attempt was made to customize the approach by relating it to recent parking experience.
The scenarios of the experiment were not explicitly connected to a full off-street or an on-street parking lot.
QUESTION:
Suppose 
Analysis and results
Descriptive analysis
In order to gain a basic understanding of adaptive choice behaviour, the first step in the analysis involved a description of some general characteristics of respondents' parking choice behaviour. In particular, the following research questions guided the analysis:
9 What is the maximum time motorists are prepared to wait when faced with fully occupied parking lots? 9 What kinds of search behaviour will motorists display when faced with fully occupied parking lots? 9 Are there any obstacles and, if so, what kinds of obstacles do motorists perceive when choosing an alternative parking lot? 9 Which factors influence motorists' choice of alternative parking lots? 9 To what extent do motorists' adaptive choice processes affect turnover levels in shops or shopping streets?
Respondents were asked to state the maximum time they would be prepared to wait when faced with a fully occupied parking space. The results indicated that on average they are willing to wait up to 5 minutes to find a parking space. The underlying distribution however is not continuous; 32 percent is prepared to wait less than 5 minutes, 2.4 percent says that they would wait for 30 minutes. Figure 3 displays the distribution of maximum waiting times. As far as search behaviour is concerned respondents were asked a series of precoded questions that provided additional descriptive information on their search behaviour. The results indicated that the vast majority of the respondents (86%) said they would choose an alternative parking lot once the maximum time they are prepared to wait is exceeded; 3.2 percent would go to another part of the same parking lot and wait further minutes for a vacant spot. Of those respondents who said they would seek another parking lot, 73 percent said they would choose the nearest parking lot; 68 percent of the respondents said that they would take all shops they wish to visit into consideration when choosing a parking lot, whereas 13 percent said they would choose a parking lot that is located conveniently relative to one specific shop.
Respondents were also asked using an open end question whether there are any obstacles such as traffic lights, major roads or traffic islands that would prevent them from choosing an alternative parking lot. Approximately 18 percent viewed traffic lights as an obstacle whereas 16 percent mentioned oneway traffic, 2 percent mentioned road-narrowing and 2 percent mentioned detector pads as obstacles to parking choice. We also wished to learn if the size of the parking lot influence motorists' choice of alternative parking lots. A straightforward precoded question was asked to collect this information. A majority (74%) of the sample respondents said that size does not influence their choice of parking lot when their preferred lot is congested; 22 percent would deliberately go to a larger parking lot when they cannot find a parking space at their preferred parking lot. Direct importance measurements were used to investigate the influence of parking costs on adaptive parking choice behaviour. 91 percent of the respondents said that they would not mind if the costs at the alternative parking lot would be equal to or higher than the cost at the lot where they looked first.
If motorists are forced to seek another parking lot, they may decide to visit a different set of stores. In this case, parking policies may have dramatic effects on turnover levels in shops or shopping streets. In order to learn the size of these possible effects, respondents were asked whether they would change their choice of shops if they would have to search for a different parking lot. The results indicated that 86 percent of the respondents said that they would still patronize the same stores; only 14 percent said they would visit other, but similar stores closer to the new parking lot.
The above results thus suggest that adaptive choice behaviour will occur in congested parking lots, especially when the average waiting time exceeds 5 minutes. Shops, motorists have planned to visit play an important role in choosing an alternative parking lot. The majority of the motorists will still visit the same shops as before, even if they have to go to another parking lot. Finally, traffic obstacles are not influencing the adaptive choice behaviour.
Model estimation
The foregoing analyses all concerned a description of adaptive choice behaviour of motorists. The next step of this research project involved an attempt to model this type of behaviour. A polytochomous logit model which was estimated from experimental design data was used to represent motorists' adaptive choice behaviour faced with congested parking lots. Respondents' choices for each parking scenario were aggregated across respondents to yield aggregate choice frequencies. For each of the three specific forms of adaptive choice behaviour the (logarithms of the) odds relative to a base alternative were modelled as a linear additive function of the 8 selected attributes. The choice option 'none of these' was used as the base. Both linear and quadratic effects were estimated for all attributes, specific for each type of adaptive choice behaviour.
In addition, the following interaction effects were included in the model because we a priori expected these to be most likely ones of influence: -expected waiting time x number of cars waiting; -travel time x probability of a free space; -travel time x number of cars waiting; -probability of a free space x number of cars waiting; -probability of a free space x parking costs on alternative parking lot; -number of cars waiting x parking costs on alternative parking lot.
The parameters of the model were estimated using iteratively reweighted least squares analysis. Orthogonal polynomial coding was used to represent attributes' effects on utilities (see e.g. Kerlinger & Pedhazur 1973) .
The likelihood ratio chi-square of the fitted model equals 874.74 with 123 degrees of freedom. This implies that the estimated model is significantly different from the null-model of equal frequencies. To examine whether the experimental variables contribute significantly to the prediction of adaptive choices (cq. Ben-Akiva & Lerman 1985) , a model with three alternativespecific constants only was estimated. The value of the likelihood ratio chi-square was equal to 520.71 with 3 degrees of freedom, which implies that the combined contribution of the experimental variables has a chi-square value of 354.03 with 120 degrees of freedom. Hence, the experimentally varied attributes contribute significantly to the prediction of adaptive parking choices at conventional significance levels (the critical chi-square value for 120 degrees of freedom is 146.57).
To examine whether the interaction effects contribute significantly to the prediction of adaptive choices, a model with three alternative-specific constants and all main effects was estimated. The value of the likelihood ratio chi-square was 770.51 with 50 degrees of freedom. This implies that the contribution of the interaction effects has a chi-square value of 104.23 with 73 degrees of freedom, which is significant at conventional levels (the critical chi-square value for 73 degrees of freedom is approximately 94.0).
The main effects and significant interaction effects of the model of adaptive choice behaviour are presented in Table 2 . Table 2 shows that the parameter ............................................................................................................... .. Part-worth utilities (significant main-effects only).
estimates of attributes significantly influencing the choice option 'wait' are all in anticipated directions. The probability of waiting decreases with increasing expected waiting time. A similar effect was obtained for 'number of cars waiting': the probability of waiting decreased if more cars are waiting. The linear effect parameter of 'number of parking lots visited before' suggests that the choice probability of waiting decreases with an increasing number of parking lots visited before. Apparently, motorists who first decided to search elsewhere but were not successful in these additional searches, demonstrate a higher probability of waiting. None of the other experimentally varied attributes describing the parking scenarios had a statistically significant effect at conventional levels of significance on the odds of choosing option 'wait'. Table 2 also presents the estimated parameters representing the effects of the selected attributes on the 'search' option. Table 2 shows that the probability of searching decreases at a decreasing rate with increasing 'numbers of parking lots visited before'. Because this attribute also significantly decreases the probability of waiting, motorists tend to choose options 'illegally' and 'none' when the number of parking lots visited before increases. The significant quadratic parameter for expected waiting time indicates that the probability of searching for another parking tot increases with waiting time, although after 5 minutes this probability decreases again.
As far as illegal parking is concerned, only a few effects are statistically significant. First and most important, the probability of illegal parking decreases decreasingly when chances of getting a penalty for illegal parking increases. Secondly, the significant linear effect of 'type of space available' indicates that the odds of parking illegally is highest when available space is verge and lowest when available space is road.
Finally, Table 2 shows that although interaction effects significantly contributed to the prediction of adaptive choice behaviour, only a few of the associated parameters are significant. These parameters represent corrections upward or downward on predictions for specific combinations of the attributes 'numbers of cars waiting' and 'parking costs', 'travel time' and 'number of cars waiting', and of 'travel time' and 'probability of a free space'.
The model was tested by calculating some goodness-of-fit measures, which quantify the degree of correspondence between observed and predicted adaptive choice behaviour. The results are given in Table 3 . The table shows that the estimated model describes the observations very well. The proportional improvement of the Log-likelihood (88.8%) is satisfactory. The Robinson's agreement measure (Robinson 1957 (Robinson , 1959 which quantifies departures from the x = y regression line suggests that the predictions are almost linearly related to the observations. The other goodness-of-fit measures also have a satisfactory value. The phenomenon 'adaptive choice behaviour' consisting of waiting, searching, and illegally parking can be described by a polytochomous logit model with stated choice data. Attributes, directly related to the choice determine these choices.
Conclusions and discussion
The main thrust of the present article has been to develop a choice model of adaptive parking choice behaviour based upon the stated choice methodology. The model that was developed in this article is complementary to earlier models of parking choice behaviour that assume motorists to have a free choice. The present model concentrates on how motorists adapt their behaviour when faced with congested parking lots. Also, the particular model differs form conventional stated choice models in that conditional choices rather than choices for attribute combinations are represented.
Although the present study constitutes a first attempt to gain insight into adaptive choice behaviour of motorists faced with congested parking lots at shopping centres, and hence the conclusions necessarily have to remain tentative, the results obtained suggest that this type of adaptive choice behaviour can be modelled within a decompositional framework.
As far as this modelling effort is concerned, the polytochomous logit model describes the adaptive choice behaviour very well. The model suggests that the probability that motorists will wait largely depends upon the attributes 'expected waiting time', 'number of cars waiting' and 'number of parking lots visited before'. The probability of additional searching mainly depends on the attributes 'expected waiting time' and 'number of parking lots visited before'. The probability of parking the car illegally is affected most by 'expected waiting time', 'available space for illegal parking' and 'chance of getting a penalty'.
It should be remembered the present study is based on stated choices. Future research should relate the model to actual behaviour. The model could also be extended by taking into consideration the effects of contributed factors such as planned duration of stay and time pressures.
The descriptive analysis indicates that the maximum time motorists are willing to wait is 5 minutes. After this time a majority of motorists will seek an alternative parking lot. Secondly, only a minority of motorists reports to take size, parking costs and accessibility of the alternative parking lot into consideration, when choosing an alternative parking lot. This confirms the quite surprising result from the experiment that parking costs do not significantly affect adaptive parking choice behaviour. Additional search behaviour is reported to have some effect on the choice of shops, both in terms of the numbers of visits and the numbers of goods that are purchased.
The model developed in this study will be used as part of a simulation model of parking choice behaviour that is currently under development by the authors. The estimated model can be used to simulate motorists adaptive behaviour when available parking spaces all are fully occupied. This might be an interesting extention of existing simulation models of parking choice behaviour such as CLAMP (Bates & Bradley 1986; Polak, Axhausen & Errington 1990) and PARKSIM (Young 1985 (Young , 1986 .
